Indices of plasma hypertonicity, elevated plasma concentrations of solutes that draw fluid out of cells by osmosis, are needed to pursue hypertonicity as a possible risk factor for obesity and chronic disease. This paper proposes a new index that may be more sensitive to mild hypertonicity in vivo at a point in time than traditional measures. The index compares mean corpuscular volume (MCV) estimates from diluted (in solution by automated cell counter) and nondiluted blood (calculated from manual hematocrit, MCV ¼ Hct/RBC*10 6 ). A larger Auto vs Manual MCV (42 fl) in vitro indicates hypertonicity in vivo if the cell counter diluent is isotonic with the threshold for plasma vasopressin (PVP) release and PVP is detectable in plasma (40.5 pg/ml). To evaluate this principle of concept, hypertonicity was induced by 24-h fluid restriction after a 20 ml/kg water load in four healthy men (20-46 years). Unlike serum and urine indices, the MCV difference-&-PVP index detected hypertonicity in all participants.
Plasma hypertonicity, elevated plasma concentrations of solutes that draw fluid out of cells by osmosis, may promote obesity, related metabolic dysregulation and chronic disease (Haussinger et al., 1993; Keller et al., 2003; Stookey et al., 2004a, b) . Epidemiologic research to pursue this possibility requires indices of mild hypertonicity that can be used in cross-sectional or observational studies of incident disease in initially healthy, free-living individuals.
Available indices of hypertonicity may not be appropriate for observational studies. Unlike clinical or experimental studies, where hypertonicity can be inferred from induced change in indices (e.g. osmolality) over time under controlled conditions, observational studies involve data from one time point under free-living conditions. At one point in time, available indices require assumptions about the osmotic effectiveness of each plasma solute and/or assumptions about nonosmotic determinants of body fluid distribution. At any point in time, total osmolality may include osmotically ineffective solutes (Osmolality, the total number of particles dissolved in water, is distinct from tonicity, the number of osmotically effective particles dissolved in water) Halperin and Goldstein (1999) ; selected plasma solute (e.g. sodium) may exclude osmotically effective solutes; reduced bioelectrical impedance may reflect hypo-instead of hypertonicity; and nonosmotic factors (such as stress or body size) may explain an elevated plasma vasopressin (PVP) or small intracellular volume. As the profile of osmotically effective solutes constantly varies with hormones, stress and solute concentrations (Schliess and Haussinger, 2003) , incorrect assumptions may limit the sensitivity and specificity of indices to hypertonicity at a point in time. Mild hypertonicity may not be distinguished from normal tonicity.
A well-characterized source of error in the hematology literature suggests a new index of hypertonicity. Automated cell counters systematically overestimate red cell volume (mean corpuscular volume (MCV)) in hypertonic individuals (see Table 1 ). Red cells, which have shrunk or adapted to hypertonicity in vivo swell when diluted in the relatively hypotonic solution in vitro in the machines. The Auto MCV thus appears larger then the MCV determined by manual methods on nondiluted blood. In healthy, normochromic, normocytic individuals the Auto and Manual MCVs differ by less than 2 fl (Van Hove et al., 2000) .
When blood collection procedures are standardized for variables that influence red cell volume (temperature, anticoagulant concentration, specimen oxygenation and aging) and errors in the Auto and Manual MCV measures are minimized (Kim and Ornstein, 1983; NCCLS, 2000; Van Hove et al., 2000) , an Auto-Manual MCV difference may be attributed to the osmotic difference between plasma and diluent. Auto-Manual MCV differences due to diluentplasma differences in pH are prevented by diluent fixing reagents (gluteraldehyde) that block ion diffusion across the cell membrane (Kim and Ornstein, 1983) .
Biologically meaningful hypertonicity may be inferred from a positive Auto-Manual MCV difference when the diluent in the automated cell counter is isotonic with the threshold for release of PVP and PVP is detectable in plasma. PVP release is stimulated by hypertonic shrinkage of insulindependent osmoreceptor cells (Robertson, 1983) . A detectable PVP confirms hypertonic shrinkage of insulindependent cells as well as noninsulin dependent red cells.
It is important to note that many, but not all, cell counters are sensitive to small differences between plasma tonicity and diluent osmolality (Goossens et al., 1991) . An algorithm was added to Coulter Counters to render them insensitive to small differences between plasma and diluent tonicity (Sears et al., 1985; Goossens et al., 1991) . Cell counters that use light scatter technology with cell sphering and fixing (e.g. Advia 120) are sensitive to plasma-diluent differences in tonicity. Diluent sphering and fixing reagents (surfactant and gluteraldehyde) alter the shape of cells (to spherical) and freeze them in that shape before MCV measurement. The reagents do not influence the Auto MCV within a pH range of 7.2-7.9, because small folds in the cell membrane allow changes in cell shape without changes in volume (Kim and Ornstein, 1983) . The cell fixing does not prevent changes in RBC volume due to diluent osmolality, because fluid shifts related to diluent osmolality happen immediately, before the cell membrane is fixed (Kim and Ornstein, 1983) . Machines like the Advia 120 measure RBC volume directly, rapidly, accurately and reproducibly without errors related to RBC shape (Kim and Ornstein, 1983; Van Hove et al., 2000) .
As MCV differences have not been reported with PVP levels in healthy, mildly hypertonic individuals (Table 1) , we conducted a small study to describe both parameters in healthy fluid restricted men. Four nonsmoking, young (20-46 years), normal weight men with normal blood chemistry and metabolic panels, refrained from heavy exercise for 24 h and fasted for 8 h before the trial. At tÀ90 min a catheter was inserted into a forearm vein. Participants sat upright and ate a standardized breakfast of fixed energy content and composition. Baseline blood and urine samples were collected at tÀ60 min. The participants consumed a water load of 20 ml/kg body weight over 45 min, after which time (t þ 0), no beverages or high water foods were consumed for 24 h. Participants remained sitting at rest, except to go to the bathroom. Blood and urine samples were collected at t þ 0, t þ 5 h and t þ 24 h. At t þ 5 h, t þ 8 h and t þ 10 h, participants Changes in indices of hypertonicity following water loading and 24 h fluid restriction are reported in Table 2 . All indices increased significantly during the fluid restriction period (P-value o0.05 for t-test comparing values at t ¼ 0 vs t þ 24 h). Serum osmolality decreased to an average 285.3 (s.e.: 0.5) mOsm/kg after the water load, and increased to an average 298.0 (s.e.:1.5) mOsm/kg after 24 h of fluid restriction. For each individual, 24 h fluid restriction increased serum osmolality by 10 mOsm/kg or more.
Standard cutoffs for hypernatremia were insensitive to the induced hypertonicity. Serum sodium values remained within the normal range (135-146 mmol/l) throughout the study for all participants. Relative to a cutoff of 295 mOsm/ kg, the frequently recommended index involving sodium and glucose (Star, 1990) had zero sensitivity to the induced hypertonicity. Indices proposed by Matz (1996) and Halperin and Goldstein (1999) detected hypertonicity in two and one out of the four participants, respectively.
After 24 h fluid restriction, the average MCV difference (4.2, s.e.: 0.8 fl) was twice what might be expected from random measurement error (2 fl); the average PVP (2.4, s.e.: 1.4 pg/ml) was over four times greater than the detection limit (0.5 pg/ml). For all four study participants the MCV difference exceeded 2 fl and PVP exceeded 0.5 pg/ml. In this small sample of healthy young men, the proposed index (MCV Diff. 42 fl-&-PVP 40.5 pg/ml) had 100% sensitivity and 100% specificity for mild hypertonicity.
In sum, common indicators of hypertonicity may be insensitive to mild hypertonicity at a point in time. The proposed index, which does not require assumptions about the osmotic effectiveness of solutes or nonosmotic determinants of body fluid distribution, may be more appropriate for epidemiologic research purposes. Further work is needed to validate the index in larger samples, by age, sex and health status. The sensitivity and specificity of the proposed index may depend on nonosmotic determinants of PVP response (Robertson, 1983) . Time: baseline (tÀ60 min), after ingesting a 20 ml/kg water load (t þ 0), after 5 h fluid restriction (t þ 5 h), after 24 h fluid restriction (t þ 24 h); Manual hematocrit (Hct) was determined in quadruplicate from whole blood collected in 4 ml K 2 EDTA tubes. The automated (Auto) mean corpuscular volume (MCV) and red blood cell count (RBC) were determined from 4 ml K 2 EDTA tubes of whole blood using an Advia 120 cell counter. The Advia 120 diluent (RBCDil) has an osmolality of 292 mOsm/kg that matches a blood osmolality of 282 mOsm/l plus the 10 mOsm/kg contribution of K 2 EDTA anticoagulant. Plasma obtained by centrifugation of K 2 -EDTA anticoagulated blood was stored and shipped frozen at À701C to ARUP Laboratory (Salt Lake City, UT, USA) for determination of plasma vasopressin (PVP) by radioimmunoassay (lower limit of detection: 0.5 pg/ml). Fresh urine and serum from nonanticoagulated blood were sent to the Stanford Hospital Clinical Laboratory for determination of urine specific gravity and serum osmolality. Frozen serum aliquots were sent to Quest Diagnostics (San Jose) for determination of serum sodium, potassium and glucose. Frozen urine aliquots were sent to the San Francisco General Hospital GCRC laboratory for determination of urine osmolality.
a Calculated serum solute indices of hypertonicity: Star, 1990 : 2*(Na) þ (glucose/18); Matz, 1996 : 2*(Na þ K) þ (glucose/18); Halperin and Goldstein (1999) : Total osmolality -urea -alcohol; In all equations sodium and potassium are in mEq/l, glucose in mg/dl, osmolality, urea and alcohol in mmol/l. MCV (fl) ¼ Hct (%) *10/RBC (in millions per l). The MCV difference was calculated as the Auto MCV minus the Manual MCV.
